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1XPHULFDOUHVXOWV
3.1. Effects of damage evolution on burst pressure 
7KHEXUVWSUHVVXUHSUHGLFWHGE\WKHILEHUWHQVLOHIUDFWXUHFULWHULRQ(TXDWLRQLV03DZKHQ tfF DFKLHYHV
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7KHEXUVWSUHVVXUHSUHGLFWHGE\WKH
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E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ORFDWHGLQ WKHPLGGOHSDUWRI WKHF\OLQGHUZKLFKFRPSOLHVZLWKWKH86VWDQGDUGGHPDQGVRI'27&))&>@7KH
ORFDWLRQRIWKHPDWUL[WHQVLOHFUDFNLVPDLQO\RQWKHKHDGZLWK  tmF !! 7KHPDWUL[WHQVLOHFUDFNIDLOXUH
PRGHDSSHDUVHDUOLHU WKDQ WKDWRI WKHILEHU WHQVLOHFUDFN7KH ILEHUDQGPDWUL[FRPSUHVVLRQPDLQO\DSSHDUV LQ WKH
WUDQVLWLRQDOVHFWLRQRIWKHF\OLQGHUDQGWKHKHDGDQGWKHVHGDPDJHVDUHQRWLQLWLDWHGZLWK   cfF
 u  DQG
  tmF
 u  
,QRUGHU WR HYDOXDWH WKH HIIHFW RI WKHPDWUL[ WHQVLOH FUDFNGDPDJHRQ WKHSUHGLFWHGEXUVWSUHVVXUH WKHGDPDJH
HYROXWLRQHTXDWLRQVLQ6HFWLRQDUHFRQVLGHUHG7KHFDOFXODWHGUHVXOWVVKRZWKDWWKHEXUVWSUHVVXUHVSUHGLFWHGE\WKH
ILEHUWHQVLOHIUDFWXUHFULWHULRQDQGWKHPD[LPXPVWUDLQFULWHULRQDUH03DDQG03DZKLFKGHFUHDVHE\
DQGUHVSHFWLYHO\FRPSDUHGWRWKHYDOXHVZLWKRXWFRQVLGHUDWLRQRIGDPDJHHYROXWLRQ


)LJ%XUVWSUHVVXUHZLWKRXWFRQVLGHUDWLRQRIGDPDJHHYROXWLRQ
DILEHUWHQVLOHIUDFWXUHFULWHULRQEPD[LPXPVWUDLQFULWHULRQ
37 Q.G. Wu et al. /  Procedia Engineering  130 ( 2015 )  32 – 40 
3.2. Determination and discussion of autofrettage pressure 
,QHQJLQHHULQJWKHDXWRIUHWWDJHSUHVVXUHLVORDGHGRQWKHLQVLGHVXUIDFHRIWKHOLQHUDIWHUPDQXIDFWXUHWRLPSURYH
LWVEHDULQJFDSDFLW\DQGUHVLVWDQFHWRIDWLJXH%DVHGRQWKHFRQWLQXRXVGDPDJHFRQVWLWXWLYHPRGHORIFRPSRVLWHDQG
WKH DQDO\VLV RI WKH EXUVW SUHVVXUH GHWHUPLQDWLRQ RI WKH DXWRIUHWWDJH SUHVVXUH LV GLVFXVVHG DQG HIIHFW RI WKH
DXWRIUHWWDJHSUHVVXUHRQWKHVWUHVVGLVWULEXWLRQRIWKHOLQHULVDQDO\]HG


)LJ+DVKLQGDPDJHQHSKRJUDPXQGHU03DDILEHUWHQVLOHGDPDJHEILEHUFRPSUHVVLRQGDPDJHFPDWUL[WHQVLOH
GDPDJHGPDWUL[FRPSUHVVLRQGDPDJH
 Determination of autofrettage pressure 
$FFRUGLQJWRWKH86VWDQGDUG'27&))&EXUVWSUHVVXUHLVWLPHVDVKLJKDVVHUYLFHSUHVVXUH7KHUHIRUHWKH
VHUYLFHSUHVVXUHLVDVVXPHGWREH03DDFFRUGLQJWR6HFWLRQ,QRUGHUWRGHWHUPLQHWKHDXWRIUHWWDJHSUHVVXUH
YDOXHQXPHULFDOVLPXODWLRQVZLWKWKHORDGLQJKLVWRU\³DXWRIUHWWDJHSUHVVXUH]HURSUHVVXUHVHUYLFHSUHVVXUHEXUVW
SUHVVXUH´ZHUHFRQGXFWHG)LJVKRZVUHODWLRQVKLSVRI WKHILEHUVWUHVVUDWLRWKH UDWLRRI WKHPD[LPXPSULQFLSDO
VWUHVVLQILEHUGLUHFWLRQXQGHUWKHEXUVWSUHVVXUHWRWKDWXQGHUWKHVHUYLFHSUHVVXUHDQGWKHDXWRIUHWWDJHSUHVVXUH)LJ
 VKRZV UHODWLRQVKLSVRI WKHPD[LPXP0LVHV VWUHVVRI WKH OLQHUDQGDXWRIUHWWDJHSUHVVXUHXQGHU ]HURDQG VHUYLFH
SUHVVXUHV7KHYDOXHRIDXWRIUHWWDJHSUHVVXUHVKRXOGPHHWWKUHHFRQGLWLRQVLQWKHIROORZLQJDFFRUGLQJWRWKH'27
&))&VWDQGDUG>@ILEHUVWUHVVUDWLRVKRXOGEHJUHDWHUWKDQWKHPD[LPDO0LVHVVWUHVVLQOLQHUVKRXOGEH
LQ WKH UDQJH RI  03D WR  03D RI WKHPDWHULDO \LHOG VWUHQJWK DIWHU XQORDGLQJ DXWRIUHWWDJH
SUHVVXUHWKHPD[LPDO0LVHVVWUHVVLQOLQHUVKRXOGEHOHVVWKDQ03DRIWKHPDWHULDO\LHOGVWUHQJWK
XQGHU VHUYLFH SUHVVXUH )URP FRQGLWLRQ  WKH DXWRIUHWWDJH SUHVVXUHZLWK DQGZLWKRXW FRQVLGHUDWLRQ RI GDPDJH
HYROXWLRQVKRXOGQRWEHOHVVWKDQ03DDQG03DUHVSHFWLYHO\IURPFRQGLWLRQWKHDXWRIUHWWDJHSUHVVXUH
ZLWK DQGZLWKRXW FRQVLGHUDWLRQ RI GDPDJH HYROXWLRQ VKRXOG EH JUHDWHU WKDQ 03D DQG 03D UHVSHFWLYHO\
IURPFRQGLWLRQ  WKH DXWRIUHWWDJHSUHVVXUHZLWK DQGZLWKRXW FRQVLGHUDWLRQRIGDPDJHHYROXWLRQ VKRXOGEHERWK
JUHDWHU WKDQ 03D $QDO\VLV UHVXOWV VKRZ WKDW WKH HIIHFW RI GDPDJH HYROXWLRQ RQ WKH GHWHUPLQDWLRQ RI WKH
DXWRIUHWWDJH SUHVVXUH LV VPDOO DQG WKH UDQJH RI WKH DXWRIUHWWDJH SUHVVXUH FRPSO\LQJZLWK DOO WKH WKUHH FRQGLWLRQV
DERYHLVa03DZKLFKLVJUHDWHUWKDQWKDWRIWLPHVWKHVHUYLFHSUHVVXUH03D,WLVFOHDUIURP)LJ
WKDWWKHDXWRIUHWWDJHSUHVVXUH03DLVVPDOOZKLFKFDQQRWPHHWWKHGHPDQGRIWKHFRQGLWLRQ

Relationship between stress distribution of liner and autofrettage pressure 
'XHWRKLJKVWUHQJWKDQGH[FHOOHQWUHVLVWDQFHWRIDWLJXHWKHZHDNQHVVRIWKHYHVVHORIWHQOLHVLQWKHOLQHU8QGHU
]HURDQGVHUYLFHSUHVVXUHVWKHKRRSVWUHVVıșDQGD[LDOVWUHVVızDORQJWKHSDWKLQWKHOLQHUVHH)LJLVVKRZQLQ
)LJV DQG7KHDXWRIUHWWDJHSUHVVXUHKHUH LV WDNHQ WREH03D ,W LV FOHDU IURP WKH ILJXUHV WKDW WKHPD[LPDO
YDOXHRIWKHVWUHVVDPSOLWXGHDSSHDUVLQWKHPLGGOHSDUWRIWKHF\OLQGHUZKLFKLVFRQVLGHUHGWREHWKHGDQJHURXVDUHD
IRU IDWLJXHIDLOXUH7KHKRRSVWUHVVıșD[LDOVWUHVVızPHDQVWUHVVımDQGVWUHVVDPSOLWXGHıa LQ WKHPLGGOHRI WKH
F\OLQGHUXQGHU]HURDQGVHUYLFHSUHVVXUHVDUH OLVWHG LQ7DEOH7KHPLGGOHSDUWRI WKHF\OLQGHU LV LQFRPSUHVVLYH
VWDWH XQGHU ]HUR SUHVVXUH DIWHU DXWRIUHWWDJH DQG WKH KRRS DQG D[LDO VWUHVVHV XQGHU VHUYLFH SUHVVXUH GHFUHDVH E\
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 DQG  FRPSDUHG WR WKRVHZLWKRXW DXWRIUHWWDJH$XWRIUHWWDJH KDV VPDOO HIIHFW RQ WKH VWUHVV DPSOLWXGH
YDOXHVRIWKHKRRSDQGD[LDOVWUHVVHVLQWKHPLGGOHSDUWRIF\OLQGHUEXWVLJQLILFDQWHIIHFWRQWKHPHDQVWUHVVHV7KH
PHDQKRRSDQGD[LDOVWUHVVHVGHFUHDVHE\DQGUHVSHFWLYHO\DIWHUDXWRIUHWWDJH7KHUHIRUHDXWRIUHWWDJH
LVDQLPSRUWDQWSURFHVVWRLPSURYHWKHPHFKDQLFDOSURSHUWLHVRIWKHFRPSRVLWHSUHVVXUHYHVVHOVDQGWKHYDOXHRIWKH
DXWRIUHWWDJHSUHVVXUHLVFUXFLDOWRWKHUHOLDELOLW\


)LJ)LEHUVWUHVVUDWLRXQGHUGLIIHUHQWDXWRIUHWWDJHSUHVVXUH

)LJ0LVHVVWUHVVRIOLQHUXQGHUGLIIHUHQWDXWRIUHWWDJHSUHVVXUH

)LJ+RRSVWUHVVDORQJSDWKLQOLQHU
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
)LJ$[LDOVWUHVVDORQJSDWKLQOLQHU
7DEOH+RRSVWUHVVD[LDOVWUHVVPHDQVWUHVVDQGVWUHVVDPSOLWXGHLQWKH
PLGGOHSDUWRIF\OLQGHUXQLW03D

ZLWKRXWDXWRIUHWWDJH ZLWKDXWRIUHWWDJH
  ım ıa   ım ıa
ıș        
ız        
&RQFOXVLRQV
1XPHULFDOVLPXODWLRQVDUHFRQGXFWHGRQVWUHVVDQGGDPDJHDQDO\VHVRIFRPSRVLWHSUHVVXUHYHVVHOZLWKDOXPLQXP
OLQHUXQGHULQWHUQDOSUHVVXUH7KHPDLQFRQFOXVLRQVDUHREWDLQHGLQWKHIROORZLQJ
7KHEXUVW SUHVVXUH SUHGLFWHG E\ WKH ILEHU WHQVLOH IUDFWXUH FULWHULRQ LV LQ JRRG DJUHHPHQWZLWK WKHPD[LPDO
VWUDLQFULWHULRQ8QGHUVHUYLFHSUHVVXUHPDWUL[FUDFNGDPDJHVDSSHDUHDVLO\DQGWKHVHQVLWLYHSRVLWLRQLVRQWKHKHDG
)LEHUWHQVLOHIUDFWXUHGDPDJHVPDLQO\DSSHDULQWKHPLGGOHSDUWRIWKHF\OLQGHU7KHPDWUL[WHQVLOHFUDFNGDPDJHKDV
VRPHHIIHFWVRQWKHSUHGLFWHGYDOXHRIWKHEXUVWSUHVVXUH
7KHHDUO\GDPDJHRI WKHFRPSRVLWHKDV VPDOOHIIHFWRQ WKHGHWHUPLQDWLRQRI WKHDXWRIUHWWDJHSUHVVXUH7KH
UDQJHRI WKHDXWRIUHWWDJHSUHVVXUHFRPSO\LQJZLWKWKHGHPDQGVRI'27&))&VWDQGDUGLVJUHDWHU WKDQWKDWRI
WLPHVWKHVHUYLFHSUHVVXUH
'LVWULEXWLRQRI WKHKRRSVWUHVVDQGD[LDOVWUHVVXQGHU]HURDQGVHUYLFHSUHVVXUHVDUHREWDLQHG7KHPD[LPDO
YDOXHRIWKHVWUHVVDPSOLWXGHOLHVLQWKHPLGGOHSDUWRIWKHF\OLQGHU$XWRIUHWWDJHKDVVPDOOHIIHFWRQWKHYDOXHVRIWKH
VWUHVV DPSOLWXGHV LQ WKH PLGGOH SDUW RI F\OLQGHU EXW VLJQLILFDQW HIIHFW RQ WKH PHDQ VWUHVVHV $XWRIUHWWDJH FDQ
GHFUHDVHWKHVWUHVVOHYHORIWKHOLQHUREYLRXVO\
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD1R
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